A cross-sectional telephone survey (n ¼ 2,332) was performed to better understand the drinking water consumption patterns among residents in Waterloo Region, Ontario, Canada. We investigated the daily volume of water consumed (including tap and bottled) and factors related to that consumption. In addition, we investigated the daily volume of cold tap water consumed by those respondents who consumed no bottled water and the factors that influence this consumption. Among study respondents, 51% exclusively drank tap water, 34% exclusively drank bottled water and 14.5% drank both, with 10 to 75% of all cold water consumed in the previous day being bottled. The mean volume of water consumed in a day (including bottled and tap water) was 1.39 l. Among those who reported to exclusively consume tap water, the mean daily volume of tap water consumed was 1.45 l. The daily amount of cold water consumed in a day was lower for older respondents, more markedly for men than women. More educated respondents consumed more water during the day. Roughly 45% of households reported that they used a carbon filter to treat their water. Roughly 5% of respondents used advanced home treatment devices, including ultraviolet light, reverse osmosis, ozonation or distillation.
INTRODUCTION
Water quality and quantity in Canada continue to be critical to public health, in response to the pressures from global climate change (and increased droughts and floods), population growth and changing demographics, ageing and failing water infrastructure and deteriorating raw water quality. The trend in the water industry is to embrace the multi-barrier source protection model (similar to the HACCP (Hazard Analysis and Critical Control Point) model for food safety) in the treatment and distribution of water, thus identifying critical control points between the source (watershed) and the consumer's tap. The WHO Guidelines for Drinking Water Quality (WHO 2006) highlight the importance of developing water safety plans, which integrate risk assessment and risk management, similar to the multi-barrier approach. In response to these new approaches, quantitative microbial risk assessment (QMRA) has been proposed as a tool to address the growing need to identify and subsequently manage waterborne microbial risks.
It is essential to know the volume of water that a person consumes in a day in order to quantify their risk of exposure to a waterborne contaminant. The volume consumed can be incorporated in the model as either a point estimate or distribution. Because estimates of water consumption vary widely within the literature and by country of study, it is useful to develop population-specific estimates. In addition, it is important to consider: (a) the consumption volume of cold tap water (rather than heated or boiled water); and (b) the doi: 10.2166/wh.2009.038 frequency of bottled water consumption, since these forms of water represent different risks to the consumer. Finally, the use of home treatment systems alters the potential microbial or chemical risk, depending on the type of system used. This is an emerging industry and there are little data available to estimate the use of these devices in Canadian communities. Most recently, there has been a call for more information on the consumption of water and factors that influence this volume (LeChevallier & Buckley 2007) .
The overall goal of this study was to understand a Canadian community's drinking water consumption practices to inform quantitative risk assessments. Within that goal, we addressed two objectives. The first objective was to determine the daily volume of total cold water Sample size calculations incorporated objectives of the larger food and water consumption study (Nesbitt 2006) .
Expected frequencies of 24.3%, 32.2% and 51.0% for eating egg dishes with runny yolk, using treated tap water and washing hands after handling raw meat, respectively, were used to calculate sample size (CDCP 2004; Bremer et al. 2005) . The final sample size of a minimum of 2,300 was based on a combination of these sample size calculations, using an allowable error of 2% and a 95% confidence level. 
Statistical analyses
Prior to statistical analysis, a causal diagram was developed to identify direct and indirect causal effects and possible confounding among the measured predictor variables and outcomes and to guide the statistical analyses.
All statistical analyses were performed with Stata for Daily consumption of tap and bottled water among survey respondents was assessed using both non-parametric and parametric methods. Daily consumption was originally collected in a discrete form (number of cups of cold water consumed) and was transformed into a continuous form (litres of cold water consumed). Interviewers prompted respondents to report the volume of cold water (including both tap and bottled water that had not been boiled or heated) consumed by asking how many 8 ounce servings of water they consumed in the previous day. Respondents were reminded that an 8 ounce serving is equal to 250 ml, or a small carton of milk, whereas a regular sized bottle of water is 500 ml and a china tea cup and juice glass are only 125 ml (4 ounces). Respondents also reported the proportion of their daily water intake that was bottled. When interviewers asked about bottled water consumption, respondents were reminded that a regular bottle is 500 ml (2 cups), and if respondents reported consuming a large bottle, they were asked to report the volume in millilitres. predictors with more than two levels (age (7 levels), education (7 levels), % bottled water (5 levels), and home treatment use (3 levels)). Spearman rank correlation analyses were performed between predictor variables to identify variables that were highly correlated. Income was not considered in the analyses due to the large proportion (46%) of missing data. For both linear models (total and tap-only water consumed in one day), multivariable least squares regression was performed using manual stepwise backward elimination. Confounding was assessed by looking for a change of 30% or more in model coefficients.
Diagnostic plots of residuals and influence measures were used to identify unusual patterns or influential respondents.
Because the total daily volume of water did not fit a normal distribution, the original outcome was log 10 transformed after a constant (0.25) was added to all responses (to account for the '0' responses) (Snedecor & Cochrane 1989) .
The main reason to add a constant is that the log transform is not defined for 0, and therefore log (0) would be set to missing. Since 0 is a real observation, it would not be useful to throw these responses out. The tap-only volumes were log 10 transformed to satisfy the normality assumption, and since there were no '0' responses, a constant was not required. Outliers and leverage points were examined in the final model for unusual predictor variable values and DFIT values to detect influential respondents.
RESULTS

Representativeness of the survey respondents
A total of 11,134 residents were contacted, of whom 7,142 were eligible; 2,332 completed interviews were performed, resulting in a response rate of 32.7%. Statistical comparisons between demographic variables among the survey population and residents in Waterloo Region illustrated that survey respondents were more likely to be female, reside in Kitchener, Waterloo or Cambridge (versus the four townships), older and with a higher household income (Table 1) .
Descriptive results
Respondents were asked to report the percentage of water consumed the previous day that was bottled. There were three types of water consumer identified. Of the 2,189 responses regarding water consumption in the previous day, 51% (1, 124) reported that 0% was bottled, 34% (747) reported that 100% was bottled, and 14.5% (163) To achieve normality, a constant of 0.25 (the minimum volume of water consumed, greater than 0) was added to all of the data points (to eliminate the 0 responses) and the data were then log 10 transformed, as is commonly done for water intake data (Roseberry & Burmaster 1992; Teunis et al. 1997; Burmaster 1998; Westrell et al. 2006) . The final transformed model was significant, with an adjusted R 2 of 5.6%, F-value of 4.48 and a significant associated p-value of less than 0.0001, suggesting that at least one coefficient in the final model contributes to the daily volume of water consumed. The following predictor variables were significant at p , 0.05 and were retained in the model: gender, age, gender by age interaction, proportion of daily water consumed that is bottled water, use of a home treatment system and education (Table 3) . Water source (municipal or private well/cistern) was retained in the final model as a potential confounder.
The final model findings suggest that, while all other variables in the model are held constant, men consume less water than women. Because age and gender interacted in the final model, rather than examining the associations individually, the association is best described in Figure 3 , which illustrates that men consume less water than women.
Total volume consumed is greatest among middle-aged respondents and then decreases with older respondents.
Frequent bottled water drinkers (75 -100% of their daily water intake) consumed less water overall than those respondents who mostly consumed tap water. More education was associated with more water consumption, except for those respondents who held an advanced postgraduate degree, who consumed less water than the referent (some trade, college or university training). Respondents Daily volume of cold tap water consumed for those respondents who consumed no bottled water
Nearly half (n ¼ 1,124, 48%) of the survey respondents reported that none of their total water intake was bottled, thus we inferred that their intake was exclusively tap water.
Among these respondents, the mean daily volume of tap The data were log 10 transformed and multivariable linear regression was performed. The final model was significant (Table 5) , with an adjusted R 2 value of 4.5%, F-value of 3.19 and a significant associated p-value of less than 0.0001. Water source (either private or municipal) was retained in the model as a potential confounder. As with the first model, an interaction between age and gender was observed ( Figure 6 ). Older respondents consumed less water than middle-aged respondents and the effect was more pronounced among males than females. Overall, male respondents consumed less water than female respondents. Again, more education was associated with more water consumption, except for those respondents who held an advanced post-graduate degree, who consumed slightly less (7%) than the referent group (respondents who had some trade, college or university 
DISCUSSION
The primary objective of this study was to develop a better understanding of the daily consumption of drinking water in Waterloo Region. Previous studies have estimated the mean volume of daily cold drinking water intake, which ranges from 0.10 l to 1.55 l (Ershow et al. 1991; Levallois et al. 1998; EPA 2000; Jones et al. 2006; Westrell et al. 2006; Mons et al. 2007) . However, estimates vary by study and country. In order to more accurately reflect water Table 3 | ( consumption habits in the study community, a more representative probability distribution of daily tap water consumption volumes was needed. Probability distributions are preferable for risk assessments since they incorporate an estimate of variability in the risk estimate. In addition, we were interested in understanding the influence of bottled water consumption and the use of home treatment systems on individual risk scenarios.
An important aspect of assessing an individual's risk from exposure to any substance is that populations and behaviours are inherently dynamic over time, and thus need to be periodically reassessed. For example, in this study we observed that older respondents consumed less water overall than younger respondents. It is unclear with this type of cross-sectional study design whether this is a cohort effect or a period effect, and follow-up is recommended. It is clear from this study that there are different sub-groups within the study population that exhibit different risk behaviours related to drinking Here we found a significant interaction between age and gender and daily volume of water consumed, for both total water consumed and tap-only water consumed. Both older men and women consumed less water than younger respondents, and this difference was more dramatic in men than women. The association between age and tap water consumption is unclear; Westrell et al. (2006) found that tap water consumption was greatest in those over 60, Levallois et al. (1998) found no clear association, while Beaudreau et al. (2003) and DWI (1996) observed that tap water intake increased with age up to 50 and then declined. However, Jones et al. (2006) found that consumption decreased with increasing age, and this is the most comparable population to ours. The association between gender and tap water consumption has been previously evaluated by a number of studies, of which only one (Westrell et al. 2006) found that water consumption was higher among women than men.
Most other studies found no significant association (EHD 1981; Levallois et al. 1998; Gofti-Laroche et al. 2001; Beaudreau et al. 2003; Jones et al. 2006) . It was clear in our study that both age and gender are associated with water consumption, but that the two variables must be considered together. However, given that there is no consensus in the literature on the association between age, gender and water consumption practices, this interaction must be more fully explored before the findings are used to predict behaviours or inform intervention or education strategies. In this study, the association was significant, and at the very least, future studies on factors influencing drinking water consumption should account for both age and gender and explore their interaction. This is particularly important if results will be used to inform waterborne risk scenario development for exposure estimates by gender and age.
Education level was significantly associated with water consumption in this study; overall, more highly 
STUDY LIMITATIONS
One of the survey limitations was that it was performed between the months of November and March, and therefore did not include a summer period. One might expect water consumption practices to differ during a North American summer, although this was not further investigated in this study.
For reasons of cost and ease of sampling, populationbased studies are often based on telephone surveys using RDD sampling methods, where randomisation helps to minimise selection bias. The response rate for this study was 32.7% and therefore the results may be susceptible to nonresponse bias and affect the ability to generalize our findings. Telephone surveys are subject to low response rates (Kalton & Piesse 2007) , although the response rate for this study was consistent with previous Canadian dietary surveys (Mendelson et al. 2003; Forster-Coull et al. 2004 ). This is a limitation faced by many researchers whose objectives involve determining individual level exposure practices related to public health issues. While no survey tool can ensure high response rates, telephone surveys are one of the most common and effective methods used for assessing individual level exposure factors or practices in epidemiological studies. We attempted to maximize participation with the repeated call-back approach and by providing flexibility of the timing of the interview to suit the participants' schedules.
To determine the generalizability of our findings, we compared the survey respondents with the Waterloo Region census population (Table 1) , and found that respondents were more likely to be female, more educated and from higher income families. These differences were expected and were most likely the result of the sampling tool (a telephone survey).
This survey determined water consumption practices based on a 24-h recall history. Single-day intake data tend to over-or under-estimate the usual intake of an individual.
However, this practice is commonly used to collect dietary intake data. Although single 24-h recall periods (or even repeated recalls) do not accurately estimate typical water intakes of individuals (Robertson et al. 2000; CCHS 2004) , there are limited approaches to collecting water intake data.
In addition, the use of a 24-h recall period limits the amount of recall bias. In 2007, Mons et al. reviewed tap water intake studies and evaluated the diary method and 24-h recall method for collecting water consumption data. While they concluded that the diary was the preferred method, they conceded that 24-h recall is the best alternative. We suggest further study of Canadian water consumption practices, and the incorporation of an extended recall period or diary method for data collection in the study design, to reduce the effects of day-to-day variability on the estimates.
While the findings of the multivariable analyses provide information on the likely associations between volume of water consumed and key demographic variables, including gender, age and education, the models suffer from a small adjusted R 2 . Thus, these results may only serve to guide future study development and refine research hypotheses rather than as a predictive tool for water consumption in other populations. Additional factors that were not examined in this study but that have been shown to influence the volume of tap water consumed include pregnancy and lactation status, ethnicity, physical activity, perceived health status and medical status (Ershow & Cantor 1989; Zender et al. 2001; Mons et al. 2007) . Demographic information was collected on cultural groups in this survey but data were sparse and difficult to interpret, and therefore the influence of cultural group on water consumption was not analysed.
Further exploration of the influence of ethnicity on water consumption is particularly needed, as we understand the role of ethnicity on food consumption practices and risk. As well as cultural group, daily volume of water consumed appears to increase with yearly income across studies (Mons et al. 2007) . Despite efforts to consider household income in this study, the large number of refusals or nonresponse precluded inclusion of this variable in the analysis.
The final potential source of bias of this survey was that it was only delivered in English. However, only 2.5% of survey respondents (179/7,142) did not participate due to language or hearing problems. It is therefore likely that English-only survey administration did not significantly bias our findings.
SUMMARY
This study provided a current, site-specific summary of water consumption habits of a south-western Ontario community (Waterloo Region). The data can be used for future risk assessments. In addition, this study provided information on the community's use of home water treatment devices, illustrating that carbon filters are the most favoured form of treating tap water, and that only a small proportion of the population invests in advanced forms of home treatment.
Finally, this study quantified three distinct risk groups within the study population: 32% who drank only bottled water, 48% who drank only tap water and a small proportion (20%) who drank both bottled and tap water. As the issue of bottled water continues to be raised as a health, environmental and policy issue, this information will be useful for informing discussions and guiding future research.
